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Tevatron Experimental ProtocolTevatron Experimental Protocol
ProtonProton--a ntia nti --p roton c ol l i s i ons  a t T e v a tron R u n I :p roton c ol l i s i ons  a t T e v a tron R u n I :

 - D a t a  t a k i n g  p e r i o d  f r o m  1 9 9 2 -1 9 9 6
 -
 - A v e r a g e  P e a k  L u m i n o si t y  ~ 2 . 1 0 31 c m -2s-1
 - C o l l e c t e d  L u m i n o si t y  ~ 0 . 1  f b -1

R u n R u n I I aI I a a nd  R u n a nd  R u n I I bI I b u p g ra d e s :u p g ra d e s :
 - D a t a  t a k i n g  p e r i o d  st a r t e d  i n  sp r i n g  2 0 0 1
 - √s= 1 . 9 6 T e V
 - D e si g n  a v e r a g e  p e a k  L u m i n o si t y :
 R u n I I a ~ 9 . 1 0 31 c m -2s-1 R u n I I b ~ 5 . 1 0 32 c m -2s-1
 - I n t e g r a t e d  L u m i n o si t i e s e x p e c t e d / E x p e r i m e n t :  
 R u n  I I a 2 f b -1,  R u n  I I b 1 5 f b -1

Upgrades:
- B o o st er 
- A c c u m u l at o r 
- C o o l i n g ( u se el ec t ro n  
c o o l i n g at  h i gh  i n t en si t i es)
- M ai n  i n j ec t o r
- A n t i pro t o n  rec y c l i n g

TeVs 8.1=
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Tevatron Probes of Large Extra Tevatron Probes of Large Extra 
S p ati al  D i m ensi ons ( A D D )S p ati al  D i m ensi ons ( A D D )

  Notations used (introduction by S. Notations used (introduction by S. R iem annR iem ann):):

 MPl ( P l a n k  m a s s ) ,  MS ( e f f e c t i v e  P l a n c k  m a s s ) ,  
 R  ( c o m p a c t i f i c a t i o n r a d i u s )

  Sim il arl y to L E P  ex p erim ents (S. Sim il arl y to L E P  ex p erim ents (S. R iem annR iem ann) ) K al uz aK al uz a--K l ein K l ein 
g rav itons g rav itons GGKKKK in A D D   m odel s can be p robed eith er by: in A D D   m odel s can be p robed eith er by: 

  1 ) direct 1 ) direct GGKKKK em ission in association w ith  a V ectorem ission in association w ith  a V ector--
bosonboson

 - E W -G a u g e  b o s o n  a n d  m i s s i n g  E t .  S i m i l a r  t o  t h e  L E P  
t o p o l o g y  w i t h o u t  t h e  t o t a l  m i s s i n g  e n e r g y  c o n s t r a i n t .  L a r g e r  
√ s  b u t  a l s o  l a r g e r  b a c k g r o u n d s .

 - Mo n o -j e t  t o p o l o g y ,  s p e c i f i c  t o  T e v a t r o n
  or byor by
  2 ) its v irtual  contribution to scattering  p rocesses 2 ) its v irtual  contribution to scattering  p rocesses 

resul ting  in resul ting  in (p robing  essential l y (p robing  essential l y √√s< Ms< M SS))::
 - d e v i a t i o n s  i n  c r o s s  s e c t i o n s  a n d  a s y m m e t r i e s  o f  s t a n d a r d  

m o d e l  p r o c e s s e s  s u c h  a s :
 

 - n e w  p r o c e s s e s  s u c h  a s :
γγ,' −+→ llqq

−+→ llgg

nn
SPl RMM 2+

≡
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CDF and DØ ExperimentsCDF and DØ Experiments
  Run I Detectors and PerformancesRun I Detectors and Performances

  Run II U p g radesRun II U p g rades

CDF

Large Central Tracking Volume

F orw ard M uon s p ectrometer
N on-S p ectrometric Central M uon

E M  Calorimeter

DØ

H ermetic Comp ens ated  U ranium 
Calorimeter

I ron Toroid  M uon S p ectrometer 
w ith  Large A ccep tance 

N on-M agnetic Tracking
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CDF

New inner tracking
New p l u g cal o rim eter

U p grad ed m u o n d etecto rs
New trigger and  D A Q

DØ

New inner tracking with  2 T
s u p erco nd u cting s o l eno id

New p res h o wers
New trigger and  D A Q
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Virtual Virtual K aluz aK aluz a--K le in  G rav ito n  K le in  G rav ito n  
E x c h an g eE x c h an g e

The case of The case of d id i --l ep t on  p r od u ct i on :l ep t on  p r od u ct i on :
 - S t a n d a r d  m o d e l  a n n i h i l a t i o n  p r o c e s s  i n t e r f e r e s  w i t h  t h e  G KKe x c h a n g e  a d d i t i o n a l  p r o c e s s
 - P r o d u c t i o n  p r o c e s s  t h r o u g h  g l u o n  f u s i o n  s p e c i f i c  t o  K K  

G r a v i t o n  e x c h a n g e  i n  t h e  s -c h a n n e l  a t  h a d r o n  c o l l i d e r s

The case ofThe case of d id i --p hot on  p r od u ct i on :p hot on  p r od u ct i on :
 - S t a n d a r d  m o d e l  a n n i h i l a t i o n  p r o c e s s  i n t e r f e r e s  w i t h  t h e  G KKe x c h a n g e  a d d i t i o n a l  p r o c e s s

Standard model E x tra D i mens i on terms

Standard model

E x tra D i mens i on 
terms
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In both cases the calculation of the effective differential crosIn both cases the calculation of the effective differential cross s 
section req uires an ex p licit cutoff section req uires an ex p licit cutoff ( due to the diverg ence of the ( due to the diverg ence of the 
sum  over K K  states)sum  over K K  states) ,  naturally  at ,  naturally  at MMSS..

T he effective cross section can be w ritten:T he effective cross section can be w ritten:

W here W here 

F orm alism sF orm alism s
 Hewett:  N ei th er  i nter f er enc e s i g n (~ λ )  no r  

d ep end enc e o n nED

 G R W (G i u d i c e-R a tta z z i -W el l s ) :  i nter f er enc e s i g n
 s p ec i f i ed ,  no t th e nED d ep end enc e

 HL Z (Ha n-L y k k en-Z h a ng ) :  B o th  i nter f er enc e s i g n
 o f  th e I  a nd  th e d ep end enc e o n nED a r e a c c o u nted  f o r
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First search for Extra Dimensions at TevatronFirst search for Extra Dimensions at Tevatron

W hy  an incl u sive W hy  an incl u sive DiDi--EM  sig natu re?EM  sig natu re?
 - P o o r  d i m u o n  m a s s  r e s o l u t i o n  a t  h i g h  m a s s
 - C o m b i n i n g  d i e l e c t r o n s  a n d  d i p h o t o n  s i g n a t u r e s  m a x i m i z e s  t h e  

d i s c o v e r y  p o t e n t i a l

S ig nal  simu l ationS ig nal  simu l ation
 - C h e u n g -L a n d s b e r g  L O  p a r t o n  l e v e l  g e n e r a t o r
 - C T E Q 4 -L O  p a r t o n  d i s t r i b u t i o n  f u n c t i o n s
 - N L O  e f f e c t s :

 - I S R  e f f e c t  s i m u l a t i o n  f r o m  D r e l l -Y a n m e a s u r e m e n t
 - U s e  D r e l l -Y a n  K  f a c t o r  ( 1 . 3 )  f o r  b o t h  S M  a n d  s i g n a l  p r o c e s s e s

Search in Inclusive Search in Inclusive 
D ielect ro nD ielect ro n//D ip ho t o nD ip ho t o n P ro d uct io n at  D ØP ro d uct io n at  D Ø

S t a n d a r d  m o d e l I n t e r f e r e n c e K K  G r a v i t o n

P hy s.  R ev.  L ett.  86 1 1 5 6  ( 2 0 0 1 )
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  Main BackgroundsMain Backgrounds
 - D r e l l -Y a n  ( d e t e r m i n e d  f r o m  M o n t e  C a r l o )
 - I n s t r u m e n t a l  B a c k g r o u n d  f r o m  Q C D  a n d  C o m p t o n -Q C D  

e v e n t s  w i t h  j e t  f r a g m e n t a t i o n  t o  l e a d i n g  πo
 ( d e t e r m i n e d  f r o m  d a t a )

  O t h e r Backgrounds O t h e r Backgrounds ( ne gl igib l e )( ne gl igib l e )
 - W-p l u s -j e t s  ( j e t  → l e a d i n g  πo) <  0 . 4 %
 - WW <  0 . 1 %
 - t o p <  0 . 1 %
 - Z → τ τ <  0 . 0 1 %
 - Zγ <  0 . 0 1 %

  G ood agre e m e nt  D at a/ Mont e  C arl o…G ood agre e m e nt  D at a/ Mont e  C arl o…
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  … No deviations observed.… No deviations observed.
 Two-d i m e n s i on a l  D a t a -M on t e  C a r l o c om p a r i s on :

  S y stem atic  u nc ertainties tak en into ac c ou nt:S y stem atic  u nc ertainties tak en into ac c ou nt:
Source K - F a ct or P D F �L d t E f f i ci en cy O v era l l

U n cert a i n t y 1 0 % 5 % 4 % 3 % 1 2 %

Two interesting events, likely 
d u e to Q C D  b a c kgrou nd
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Interpretation of the Result Interpretation of the Result 
 Combine the information from the c os θ* and  inv ariant mas s  

d is tribu tions  in a tw o-d imens ional  binned l ik el ihood  tak ing  
s y s tematic  u nc ertainties  into ac c ou nt 

In the H L Z  form alism :In the H L Z  form alism :
 - F or nE D > 2 ,  M S l imit d irec tl y  d eriv ed  from l imit on η
 - F or nE D = 2  tak e an av erag e s :

In the In the H ew ett H ew ett form alism :form alism :

In the G RW  form alism :In the G RW  form alism :

NED MS  l i m i t  ( T e V )
2 1 . 37
3 1 . 44
4 1 . 21
5 1 . 1 0
6 1 . 0 2
7 0 . 9 7

236.0 TeV  s ≈

1)( TeV 1.1  M S +=> λ
-1)( TeV 1.0  M S => λ

 TeV 1.2  M S >
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  Taking advantage of the magnetic field information, to Taking advantage of the magnetic field information, to 
imp rove the p u rity  of the imp rove the p u rity  of the D ielectron D ielectron channelchannel

 D ata in agreement w ith S M
  L imits  on ML imits  on M S S ((H ew ettH ew ett formalis m) :formalis m) :

 Unbinned l ik el ih o o d f it  t o  inv a r ia nt  m a s s  dis t r ibu t io ns
 D ip h o t o n:  M S >  0 . 7 9 7  T eV  (λ=-1 ) ,  0 . 8 9 9  T eV  (λ=+ 1 )
 D iel ec t r o n:  M S >  0 . 8 0 8  T eV  (λ=-1 ) ,  0 . 8 2 6  T eV  (λ=+ 1 )
 C o m bina t io n:  

MS >  0 . 8 5 3  T e V (λ=-1 )  a nd 0 . 9 3 9  T e V (λ=+ 1 )

Search in Exclusive Search in Exclusive D ielect ro nD ielect ro n//D ip ho t o nD ip ho t o n
P ro d uct io n at  C D FP ro d uct io n at  C D F

D iel ec t r o n D iel ec t r o n m a s s  s p ec t r u mm a s s  s p ec t r u mD ip h o t o n D ip h o t o n m a s s  s p ec t r u mm a s s  s p ec t r u m
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Real  Real  GGKKKK em i s s i o n  i n  as s o c i at i o n  w i t h  a V ec t o rem i s s i o n  i n  as s o c i at i o n  w i t h  a V ec t o r --b o s o n  b o s o n  
s i g n at u r es  :s i g n at u r es  :

 - E W -G a u g e  b o s o n  ( V )  a n d  m i s s i n g  E t .  S i m i l a r  t o  t h e  L E P  
t o p o l o g y  w i t h o u t  t h e  t o t a l  m i s s i n g  e n e r g y  c o n s t r a i n t .  L a r g e r  √ s  
b u t  a l s o  l a r g e r  b a c k g r o u n d s .

 

 - M o n o -j e t  t o p o l o g y :  T o p o l o g y  s p e c i f i c  t o  T e v a t r o n ,  w h i c h  t a k e s  
a d v a n t a g e  t h e  t w o  p r o d u c t i o n  p r o c e s s e s :

Real Real K alu z aK alu z a--K lei n  G r av i t o n  K lei n  G r av i t o n  
E m i s s i o nE m i s s i o n

KK Graviton’s signature: missing (transverse) energy

KK Graviton’s signature: missing (transverse) energy
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The DØ mono Jet SearchThe DØ mono Jet Search
Search Selection (performed on ~80pbSearch Selection (performed on ~80pb--11))

 One or two 0.5 cone jets
 Mi ssi ng  ET >  1 50 G eV
 L ea d i ng  J et: ET >  1 50 G eV ,  | η|  <  1 .0
 S econd  J et: ET <  50 G eV ,  not p oi nti ng  a t m i ssi ng  ET

 to Suppress QCD background
R es u ltR es u lt

 F rom  W s a nd  Z s =  3 0 ± 4
 F rom  Q C D  &  C osm i cs =  8 ± 7
 T ota l =  3 8 ± 8
 Ob serv ed  ev ents =  3 8

L imitsL imits

n= 4    MS > 6 9 8 G eVn= 6     MS > 6 3 2  G eV
D el p h i :
n= 4    MS > 840 G eVn= 6     MS > 580 G eV
I m p rov em ent a t 

l a rg e n
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The CDF Single PhotonThe CDF Single Photon--p lu sp lu s --
M is s ingM is s ing--E ner gy  Sea r c hE ner gy  Sea r c h

Search Selection (Performed on ~87pbSearch Selection (Performed on ~87pb--11))
 One photon w i th T r a ns v er s e ener g y  i n ex c es s  of  5 5  G eV a nd  
w i thi n the ps eu d o-r a pi d i ty  r a ng e |ηγ| <  1

 Mi s s i ng  E T >  4 5  G eV
 N o j ets  w i th E T >  1 5  G eV
 N o tr a c k s  w i th  pT >  5  G eV

R es u ltR es u lt
 - B a c k g r ou nd  es ti m a te =  1 1  ± 2
 - Ob s er v ed  ev ents =  1 1

L imitsL imits
n= 4   MS >  5 5 0  G eV
n= 6   MS >  5 8 0  G eV
n= 8   MS >  6 0 0  G eV

B a c k g r ou nd  d om i na ted   
( ~ 6 0 % )  b y  C o s m i c  r a y s
w her e a  m u on u nd er g oes  a  
b r ehm s s tr a hl u ng  i n the C E M

S ec ond  m os t pr ol i f i c  
b a c k g r ou nd  ( 3 0 % )  
Zγ→ν ν γ

hep-ex / 0 2 0 5 0 5 7 s u bmitted to Phy s .  R ev .  L ett.  
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Warped Extra Dimension (RS)Warped Extra Dimension (RS)

Hierarchy problem solved with a single extra dimension in a Hierarchy problem solved with a single extra dimension in a 
55--dimensional A ntidimensional A nti--dede--S itter space ( A dSS itter space ( A dS 55) with metric) with metric

T evatron P henomenology:T evatron P henomenology:
 - R e s o n a n t  p r o d u c t i o n  o f K a l u z a -K l e i n  g r a v i t o n s  
 - A l l  p a r a m e t e r s  o f  t h e  m o d e l  c a n  b e  d e r i v e d  f r o m  t h e  

m e a s u r e m e n t  o f  t h e  w i d t h  a n d  l o c a t i o n  o f  t h e  f i r s t  K a l u z a -K l e i n  
e x c i t a t i o n  w i t h  m a s s  m 1

U sing T evatronU sing T evatron D rellD rell--Y an Y an and and dij et dij et data f rom R u n I  exclu de data f rom R u n I  exclu de 
large valu es of  k /large valu es of  k / MM P lP l f or valu es of  mf or valu es of  m11 within within k inematic k inematic reach reach 
( e. g.  f or k /( e. g.  f or k / MM P lP l ~  0 . 1 ,  m~  0 . 1 ,  m11 > 0 . 6  T eV / c> 0 . 6  T eV / c22))

D avou diasl,  Hewett and R iz z o P hys. R ev. D 6 3 , 2 0 0 1  

D e v i a t i o n s  t o   t h e  D e v i a t i o n s  t o   t h e  
d i l e p t o n  D r e l ld i l e p t o n  D r e l l --Y a n  Y a n  

d i f f e r e n t i a l  c r o s s  s e c t i o n  d i f f e r e n t i a l  c r o s s  s e c t i o n  
d u e  t o  a  7 0 0  G e V / cd u e  t o  a  7 0 0  G e V / c 2  2  K K  K K  
g r a v i t o n  f o r  d i f f e r e n t  g r a v i t o n  f o r  d i f f e r e n t  

v a l u e s  o f   k /v a l u e s  o f   k / MM P lP l

222 dydxdxeds ky
−=

− νµ
µνη

k/MPl = 1

0 . 1
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Run II Prospects Run II Prospects 

  Current sensitivities are mostly limited by statisticsCurrent sensitivities are mostly limited by statistics

  A t R un I I ,  w ith  an increase in A t R un I I ,  w ith  an increase in centrecentre--ofof --mass energ y f rom mass energ y f rom 
1 . 8  T eV  to 2  T eV   and a sig nif icant increase in 1 . 8  T eV  to 2  T eV   and a sig nif icant increase in 
L uminosity,  sensitivities imp rove:L uminosity,  sensitivities imp rove:

  L imits on th e g ravity scale in A D D  modelsL imits on th e g ravity scale in A D D  models
 Run I I a : MS s e ns i t i v i t y  ~ d o ub l e s  w . r . t .  Run I
 Run I I b : MS s e ns i t i v i t y  ~ t r i p l e s  w . r . t .  Run I

  O th er f inal states ( e. g .  w ith  O th er f inal states ( e. g .  w ith  muonsmuons)  may be search ed f or)  may be search ed f or

  W arp ed ex tra dimensionsW arp ed ex tra dimensions
 W i t h  t h e  Run I I a l um i no s i t y ,  t h e  s e ns i t i v i t y  t o  a  f i r s t  

r e s o na nc e  i s  e x p e c t e d  t o  r e a c h  up  t o  m 1 ~  1 . 1  T e V / c 2
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Status as of June 2002:Status as of June 2002:
 - H i g h e st  P e a k  L u mi n o si t y  r e a c h e d  ~  2 . 1 0 31 c m-2s-1
 - L u mi n o si t y  d e l i v e r e d  so  f a r  ~  5 0  p b -1 / E x p e r i me n t
 - L u mi n o si t y  f o r  p h y si c s ~ 1 5  -3 5  p b -1 / E x p e r i me n t

Status of th e C D F  and  D 0 d etec tor s:Status of th e C D F  and  D 0 d etec tor s:
 D e t e c t o r s st i l l  i n  c o mmi ssi o n  p h a se ,  ma i n l y  r e a d y  f o r  p h y si c s

See tal k s b y  A .  See tal k s b y  A .  G oussi ouG oussi ou,  M .  ,  M .  W eg ner  W eg ner  and  C .  and  C .  E l v ez i o E l v ez i o 
P ag l i ar oneP ag l i ar one

First First P re l im in a ry R e su l ts P re l im in a ry R e su l ts 

S ta tu s o f  R u n  I I  S ta tu s o f  R u n  I I  

DØ Preliminary

I n c l u si v e  I n c l u si v e  D iD i -- E M  E M  
i n v a r i a n t  ma ss sp e c t r u m i n v a r i a n t  ma ss sp e c t r u m 
w i t h  t h e  o b se r v a t i o n …w i t h  t h e  o b se r v a t i o n …

o f  a  w e l l  k n o w n  o f  a  w e l l  k n o w n  
r e so n a n c er e so n a n c e

mm E ME M -- E ME M ((G e vG e v / c/ c 22))

���
��
� �

���
��
� �
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Conclusions and OutlookConclusions and Outlook

  The CDF and DØ experiments at Tevatron Run I have The CDF and DØ experiments at Tevatron Run I have 
perf ormed searc hes f or sig ns of  extra spatial  dimensionsperf ormed searc hes f or sig ns of  extra spatial  dimensions

  In none of  the c hannel s searc hed f or has any  sig n of  a In none of  the c hannel s searc hed f or has any  sig n of  a 
deviation f rom the b ac k g round expec tation b een ob serveddeviation f rom the b ac k g round expec tation b een ob served

  L imits,  of  the same order of  mag nitude as those derived at L imits,  of  the same order of  mag nitude as those derived at 
L E P ,  on the g ravity  sc al e have b een set L E P ,  on the g ravity  sc al e have b een set ~ O ( 8 0 0  G eV / c~ O ( 8 0 0  G eV / c 22))

  The Tevatron Run II prog ram has suc c essf ul l y  started w ith The Tevatron Run II prog ram has suc c essf ul l y  started w ith 
a promising  ob servation potentiala promising  ob servation potential

  N ew  exc iting  resul ts shoul d c ome soonN ew  exc iting  resul ts shoul d c ome soon


